telencephalon. The evidence so far is that the human and mouse brain do share fundamental mechanisms of areal specification, however there are subtle differences which could lead us to a better understanding of cortical evolution and the origins of neurodevelopmental diseases.
Introduction
Each individual, excepting those suffering a gross environmental or genetic insult, possesses a telencephalon built in development to the same plan. Different functional modules always appear in the same place, connections between areas are universal and the brain tissue architecture at the cellular level in each module is the same (1) however subtle differences in these parameters may underlie human diversity in intelligence and personality. Furthermore, this basic plan is shared by all mammalian species, for instance the medial ganglionic eminence (MGE) gives rise to certain classes of cortical interneuron, caudal ganglionic eminence (CGE) to others (2). Primary cortical areas occupy the same positions; primary motor cortex is always in the frontal lobe, visual cortex the occipital lobe, etc., however the relative amount of cortex occupied by each primary area can vary dramatically between species (3). Also, in primates and particularly human, there is a more complicated pattern of functional arealisation with a considerably larger proportion devoted to higher functioning association cortex (3-5) .
It is generally accepted that the layout of the cerebral cortex is determined by the co-ordinated and compartmented expression of genes in time and space at the earliest stages of its development, prior to its connection with the sensory input that could drive its maturation (the protomap hypothesis) (6) although spontaneous thalamo-cortical activity may fine tune sensory cortex arealisation before the onset of cortical sensory information processing (7). Certain transcription factors have been identified in rodents (e.g. PAX6, SP8, EMX2, COUP TF1) expressed in gradients across the dorsal telencephalon, their expression controlled by gradients of soluble morphogens such as FGFs, BMPs and SHH released from four discrete forebrain signalling centres; the anterior neural ridge (ANR)/septum, cortical hem, anti-hem/ventral pallium(VP) and thalamic eminence (8-13) . In turn, transcription factors appear to control regional expression of cell adhesion molecules and cell surface receptors (14) (15) (16) (17) leading to organization of area specific thalamocortical afferent projections (18, 19) gradually turning the protomap into functioning circuitry. Interference in transcription factor expression (15, (20) (21) (22) 
or in
The big question, posed by Buckner and Kreinen (5), is whether such a developmental scheme is sufficient to produce all the extra areas of specialised association cortex, along with the vastly increased interconnectivity between these areas, seen in primates? In addition, the degree of specialisation of primate association cortex is not observed in rodents. For instance, the electrophysiological and morphological properties of layer III pyramidal neurones in prefrontal and primary visual cortex are the same in mouse, but not in macaque (30). There is also a greatly increased density of calretinin expressing interneurons in upper layers of association but not primary cortex in humans and monkeys compared to rodents (31). Gene expression studies across the lifespan show that divergent gene expression between cortical regions appears more evident at early fetal stages of development than peri-and post-natally, suggesting that marked inter-areal transcriptional differences are important early in development but replaced by more general differentiation transcriptional programmes later in neural circuit maturation (32). This review examines the evidence for a human protomap and the extent to which it resembles the mouse model, assesses any differences that might explain the evolutionary divergence of human from mouse.
We recently completed the largest RNAseq study to date of human cerebral cortex at its earliest stages of development with 137 samples from different cortical regions with an age range of 7.5 to 17 PCW (33). In the following text, when referring to our own studies, protein coding genes are classified as highly expressed (top 25%; >40 normalised RPKM) moderate expression (25-50%: 10-40) low expression (50-75%; 0.4-10) no expression above background (bottom quartile; <0.4) (34, 35). A DESeq analysis (36) of anterior versus posterior gene expression differences in a sub-set of samples from 9 and 12 PCW has also been carried out (33, 34).
Signalling centres of the human telencephalon
As described in section 1, four regions of the mammalian forebrain have been identified as signalling centres releasing soluble morphogens and all have also been identified as a source of Cajal-Retzius (CR) cells with distinct molecular identities depending on their origin (37-39). These early born cells migrate tangentially from the signalling centres across the cortical surface and specific combinations of CR subtypes dynamically populate distinct cortical regions (Fig 1A) . Genetic ablation of septum CR cells and redistribution of VP and hem-derived CR subtypes within cortical territories causes changes to early patterning events, and progenitor cell division and differentiation, far removed from CR cell generation sites, correlating with changes in the size and positioning of cortical areas at postnatal stages but without affecting signaling centers (40). As the human cortex is much larger than the rodent such that cortical areas develop further removed from signalling centres, the importance of CR cells as "mobile patterning units" may be increased. Human CR cells have more complex morphologies and developmental programmes than rodent (41, 42) and specifically express human accelerated region RNA gene HAR1F (43) suggesting a clear evolutionary trend towards an increased prominence of the cortical hem and hem-derived CR cells destined for the neocortex and hippocampus over other sources (septum, thalamic eminence and amygdalar hem) during human neocortical development (41, 44).
The ANR is the most anterior signalling centre, developing before the septum and is involved in specifying the anterior neural tube around the time of neural tube closure. It, along with the isthmus and zona limitans intrathalamica, have been called secondary organisers because of their roles in establishing major subdivisions of the brain along the anterior-posterior axis (45-48). As in mouse, FGF8 is strongly expressed in the ANR but disappears from here before the beginning of cortical plate formation (49). The septum develops from the ANR and also expresses FGF8 and the related FGFs 17 and 18. Very low expression of FGF8 is detected in human cortical tissue samples from 7.5 PCW onwards, however FGF 17 and 18, whose protein products have similar but not identical function to FGF8 (50) are expressed at low to moderate levels but are not relatively up-regulated anteriorly (33).
FGF8 signalling from the ANR/septum leads to appropriate patterning of the ventral telencephalon.
Interestingly, production of SHH from the MGE, a key event in this patterning, requires the removal by apoptosis of the FGF8 signalling cells during a specific time window (51). SHH is produced by postmitotic neurons of the human cortex at mid-gestation (52, 53) and It has been suggested that SHH signalling can affect human cortical progenitors, leading to the production of limited numbers of interneurons in certain regions of the primate dorsal telencephalon (53).
FGF8 signalling from the septum also delineates the anterior extent of a second medial signalling centre, the cortical hem. In rodents and human, the expression of WNT8B, WNT2B and WNT3A marks the developing cortical hem whereas WNT2B/WNT3A negative and WNT8B positive expression defines the developing hippocampus (Figs. 1A, 2A, B) (8, 54, 55) . WNT signalling from the cortical hem is instrumental in inducing hippocampal formation (56) . BMPs and certain WNTs are proposed to be released from the cortical hem and have a dorsalising effect (Fig. 1A) (10, 57). BMPs 2, 4 and 5 show uniform, low expression anterio-posteriorly in the human cortex between 7.5 and 17 PCW by RNAseq; BMP 7 shows moderate expression but also without arealisation. WNTs 2B, 3A, 5A and 8B are all expressed at low levels throughout the cortex (33).
Gene expression studies in chick and mouse initially defined the position of a distinct ventral pallium (VP) anti-hem sector adjacent to the lateral ganglionic eminence along the whole telencephalic rostrocaudal axis (12, 58). We reported the existence of an EMX1 negative PAX6 positive human VP at embryonic stages preceding cortical plate formation (59) . The VP is also one of several sources of CR cells in the cortical margins (39) and as other sources, (septum, cortical hem and thalamic eminence) are all organiser centres (44) this suggests that the VP/antihem may also function as an organiser. The rodent antihem is marked by expression of the secretable WNT antagonist SFRP2 (9, 60). We found SFRP2 expression in the VP/anti-hem and thalamic eminence at 7.5 PCW by in situ hybridisation ( Fig.   2B ) with RNAseq evidence suggesting that high but uniform expression is maintained up to 17.5 PCW. A. Shows more dorsal, and B ventral horizontal sections stained by in situ hybridisation at 7.5 PCW, the very onset of cortical plate formation. WNT8B is expressed throughout both the cortical hem (arrow) and hippocampal primordium (arrowhead) whereas WNT2B is confined to the cortical hem. SFRP2 expression is found in both the anti-hem (asterisk) and thalamic eminence (TE). FGFR3 expression is confined to ventro-posterior areas.
C. An examination of gene expression across the cortex. First FGF2 expression in 137 samples from across the cortex (normalised RPKM) is plotted against age (PCW). There is a significant negative correlation with age. RPKMs for three other genes are plotted against sample location in the cortex; 0 representing the anterior pole, 5 the posterior pole and 7 the temporal pole (after Miller et al, 2014 (52)) . All three show a significant trend towards increased expression in the posterior/temporal cortex. RNA seq data from (33).
The protomap of the human cerebral cortex
we would predict that a human protomap would manifest itself in arealised expression firstly of receptors for morphogens, secondly certain transcription factors in the ventricular zone, and thirdly across the cortical wall of transcription factors and other determinants of cell phenotype such as cellcell recognition molecules that determine which synaptic connections these cells ultimately receive and make. Indeed, evidence from published studies (32, 52, 61-64) supports this prediction to an extent although the restricted amount of information between 7-9 post-conceptional weeks, when the cortical plate just begins to form, is currently a limitation we have tried to address. (71) and is an antagonist to FGF 8 (72) appears not to be expressed in the human cerebral cortex at this stage.
Expression of morphogens and receptors.
As we discussed in section 2.1, expression of BMPS and WNTs remains to be fully characterised in the human cortex. BMP receptor 1A is more highly expressed than 1B but neither shows arealised expression. WNTs bind multiple Frizzled receptors (FZD) (73) which are all expressed at varying levels.
FZD2, 7 and 8 are highly expressed but only FZD7 was found to show a gradient of expression being upregulated in posterior/temporal cortex ( Fig. 2C ) (33, 74).
In conclusion, FGFR3 and FZD7 expression apart, there is little evidence for arealised expression of diffusible morphogens and their receptors in the developing human cerebral cortex post 7.5 PCW, but it may be that the diffusible molecules are largely expressed in tissue not sampled or that these signalling pathways have prominent roles in earlier developmental stages. Next we will consider the expression of downstream arealising transcription factors.
Transcription factors
In rodents, the classic example of transcription factors expressed in reciprocal gradients across the cortex is PAX6 and EMX2 which were shown to be present throughout neurogenesis in the proliferative layers; PAX6 high anterolaterally and EMX2 posteromedially. These transcription factors are proposed to impart motor (anterolaterally) and sensory visual (posteromedial) identities by mutually repressing expression of one and other as revealed by gene expression manipulation experiments (14, 20, 75) . This was the first reciprocal gradient also to be revealed in human cortex by in situ hybridisation (Fig. 3A) (76) although only up to 8 PCW after which the PAX6 gradient, at least, disappears. Unlike the mouse, EMX2 expression was also seen in post-mitotic neurons of the cortical plate, and it was speculated that EMX2 could interact here with transcription factors expressed downstream of PAX6 such as TBR1 (76) . EMX2 expression was also shown to be higher in primary cell cultures from posterior than from anterior cortex at 11 PCW (62) although our recent examination of RNAseq data has failed to show strong evidence of an EMX2 gradient or of a reciprocal expression pattern with PAX6, even at 7.5-9 PCW (Fig. 3D) (33) .
However, robust evidence has been found for reciprocal expression of COUP-TFI and SP8 from What was noticeable about expression in humans was that SP8 and COUP-TFI overlap extensively in the VZ of visual, auditory and somatosensory cortex (35). This differs from the mouse in which COUP-TFI and SP8 show little overlap (22). Combinatorial expression of COUP-TFI and SP8 could maintain a common genetic identity for future primary sensory areas (visual, auditory and somatosensory) and a partially shared identity with SP8-expressing frontal motor cortex with which these sensory areas will interconnect, along with allied association cortex, via dorsal sensorimotor pathways (79) (80) (81) . In mouse COUP-TFII is confined to a very small portion of the posterior cortex (82) but in human is expressed extensively throughout the ventral temporal and ventral posterior cortex where it overlaps with COUP-TFI expression (Fig. 3B) (35) . Perhaps the expansion of cortical COUP-TFII expressing territory in human fetal brain mirrors the increased size and complexity of the association areas of the ventrotemporal cortex including the ventral stream of cognitive visual processing (80, 83) . (52)). There is a significant trend towards increased expression in the anterior compared to posterior/temporal cortex. To explore coupling of expression between opposing transcription factor gradients we plotted the log of the expression of the putative anterior marker divided by expression of the putative posterior/temporal marker against cortical location. There was a tight correlation between this value and location for SP8/COUP-TFI and PEA3/BHBLB5 but not for PAX6/EMX2. An extension of this observation is that dorsal (posterior in adult human) and ventral (anterior in adult human) hippocampus are also differentiated by combinatorial expression of SP8/COUP-TFI and COUP-TFII/COUP-TFI respectively (Fig 3B) (35) . Each domain has distinct functions and distinct efferent and afferent connections (84) (85) (86) . In mouse that high to low expression of COUP-TFI along a septotemporal gradient is important for the functional organisation of the hippocampus (87) . It appears that the protomap for human hippocampal specialisation is laid down early in development and determined by complementary expression of SP8 and COUP-TFII rather than graded expression of COUP-TFI.
Two other transcription factors proposed to be expressed in opposing anteromedial to postero-lateral gradients in mice, PEA3 and BHLHB5 (Fig. 1B) are also expressed in this way in human according to RNAseq evidence (Fig. 3D) (33) . In addition to arealised expression across the cortical wall of EMX2, COUP-TFI and COUP-TFII at specific locations, we have also shown that OLIG2 is highly expressed in anteromedially at 7.5-8PCW, although this subsides during development (88, 89).
Cell surface receptors and other phenotypic markers
Our recent analysis (33, 34, 74) concurred with previous studies of the whole brain (64) and the cortex at later stages (52) that changes in gene expression with age are more marked than differences between cortical regions. Nevertheless, small subsets of areally expressed genes have been identified in various studies unlike in the adult brain (90) . At 9 PCW, the majority of the differentially expressed genes are more highly expressed in anterior than posterior cortex (62) and the genes involved are primarily transcription factors and cell-cell recognition molecules (74) . At 12 PCW the pattern shifts and the majority of differentially expressed genes are more highly expressed in the posterior compared to anterior cortex (74) but many of these genes code for proteins involved in neurotransmitter production and synaptic function. In humans, synaptogenesis reaches its peak in visual and auditory cortex within a few months after birth in advance of the prefrontal cortex (91) . It seems that this trend begins at a very early stage of development. On the other hand a study at 15-21 PCW again found more anteriorly than posteriorly enriched genes in nearly every layer of the cortical wall (52). Furthermore, there was rostral enrichment in genes with considerably accelerated rates of substitution in the human (haCNSs) near conserved non-coding regions, consistent with a developmental role in expansion of the prefrontal cortex in primates, a later developmental event.
Surprisingly, nearly a quarter of areally expressed genes in the intermediate zone are haCNSs suggesting this zone is of particular importance in areal cortical identity during human development (52).
Cadherins and related molecules are known to be strongly differentially expressed in cortical areas by late development, for instance Cad6 expression delineates the somatosensory and auditory cortex as well as the thalamic nuclei innervating them (92) however these expression patterns can still be perceived in earlier developing cortex prior to thalamic innervation (93) . Differences between patterns of cadherin expression in both postnatal and embryonic cortex differ between marmoset and mouse (94, 95) and so it will be important to study the expression of these molecules in human in detail in the future. So far there is some evidence that CDH7 and PCDH8 are more highly expressed anteriorly (33, 74) and stronger evidence that PCDH17 is upregulated anteriorly and delineates the motor cortex by mid-gestation (33, 61, 62, 74). CDH6, CDH9 and PCDH19 may be upregulated posteriorly (34, 74).
Members of the Neurexin (NRXN) superfamily have also shown arealised expression. CNTNAP2
(NRXN4) expression has been repeatedly identified as anteriorly upregulated, localising to the prefrontal cortex by mid-gestation (61) (62) (63) 96) . In the mature animal CNTNAP2 organises ion channel localisation at nodes of Ranvier (97) but in development may have roles in cell migration and axon outgrowth (98) . NRXN3, although it shows low expression, is upregulated in posterior cortex by 12 PCW (34, 74). However CBLN2, a binding partner for neurexins, is upregulated anteriorly at 15-21 PCW (52) although it shows low expression everywhere until after 12 PCW (34, 74).
The identity of cortical regions is determined as much by the identity of the sub-cortical targets they innervate as the thalamo-cortical inputs they receive. For instance in emerging layer V corticofugal neurons express the transcription factor CTIP2 (99) and cortico-cortical projection neurons express SATB2 (100). We have shown that CTIP2 expression is greater in the frontal cortex between 9-12 PCW (101) which might represent the predominance of corticofugal projection neurons in frontal sensorimotor areas, along with elevated expression of ROBO1 (35, 101) a transmembrane receptor involved in axon guidance (102) and SRGAP1 (101) its intracellular signal transducer (103) (Fig. 3C ).
ROBO1 and SRGAP1 expression co-localise with each other and CTIP2 and can be detected in the corticofugal tract at least as far as the medullary decussation at 17 PCW (101) . In mouse, COUP-TFI expression in the cortical plate suppresses the differentiation of corticospinal motor neurons in the more caudal somatosensory cortex, allowing for correct specification of these neurons in frontal cortex (104) . Our evidence suggests (33) that COUP-TFI expression suppresses CTIP2 expression whereas ROBO1 and SP8 expression are positively correlated.
Early compartmentalisation of language areas in the human telencephalon
Language processing may provide the best place to look in the human neocortex for evidence that it is composed of different and more complex local area identities. The use of syntactically complex language to convey abstract information is a unique human attribute mirrored by the existence of multiple language associated areas, asymmetrically distributed between both hemispheres, identified with both the understanding (for instance Wernicke's area in the left parietal cortex) and production (for instance Broca's area in the left frontal cortex) of language (79, (105) (106) (107) . Profiling gene expression in developing human cerebral cortex has revealed specific features within language areas; for example expression of the transcription factor FOXP2, mutations in which have been implicated in impaired speech development and linguistic deficits (108, 109) . FOXP2 is shown to be relatively increased in parietal association cortex including Wernicke's area mid-gestation (61) and also participates in human specific regulation of gene expression (110) .
Interestingly, at this stage of development, no asymmetry in gene expression is detected in regions of the perisylvian cortex associated with language (32, 61, 63) despite the finding of asymmetry in expression of LMO4 and other genes at earlier stages of development (111) . However, distinct differences in gene expression are found between areas of developing frontal and parietal cortex (including Broca's and Wernicke's) at mid-gestation (63) . Although some transcription factors are amongst these genes, e.g. SOX9 and NURR1 frontally, they mostly comprise genes directly affecting cell phenotype by this stage, e.g. for cell adhesion molecules such as CBLN2, CNTNAP2, CNTN4 frontally and VSTM2L parietally. Again, genes differentially expressed between these regions are enriched in targets for regulation by FOXP2, which shows enrichment in parietal and temporal lobes including presumptive language areas (52) but not genes differentially expressed between 2 age points (17 and 19 PCW) (63) .
Other evidence of developmental human specific regulation of gene expression in language areas has been found, for instance, in rapidly evolving microRNAs (43). More recently, Bae et al (112) described a deletion mutation in a regulatory element of GPR56 that causes intellectual disability and epilepsy, and selectively disrupts human cortex surrounding the Sylvian fissure bilaterally including Broca's area.
GPR56 encodes a receptor required for normal cortical development that regulates progenitor proliferation. GPR56 splice forms are highly variable between mice and humans, and the disrupted regulatory element directs restricted lateral cortical expression in gyrencephalic mammals only. This study provides a mechanism by which controlling regional GPR56 expression by multiple alternative promoters could influence evolution of cortical arealisation by control of stem cell proliferation and gyral patterning. It has also been found that, exclusively in the human neocortex, the enzyme nitric oxide synthase 1 (NOS1) and the gene expression regulatory protein FMRP are transiently co-expressed during synaptogenesis in subpopulations of pyramidal neurons in regions involved in speech, language, and complex social behaviors. Only in humans and other higher primates is expression of NOS1 regulated by FMRP, where it is co-expressed with FOXP2 (113).
The protomap of the ganglionic eminences
Combining the findings of a number of studies (35, 77, 89, 114) we can divide the proliferative zones of the human ventral telencephalon according to transcription factor expression (Fig. 4) as has been done in rodent (27) but in human the picture is more complicated. COUP-TFI immunoreactivity subdivides the MGE with NKX2.1 and OLIG2 expressed throughout (Fig. 4 A, B, G) (89) but with COUP-TFI confined to the larger dorsal region (Fig. 4 A, B, G)(35) . In rodents the dMGE is the birthplace of nearly all parvalbumin-positive (PV+) and somatostatin-positive (SST+) cortical interneurons, whereas the vMGE predominantly gives rise to globus pallidus neurons (115) . COUP-TFI is co-expressed with SOX6, a downstream regulator of NKX2.1 (116) in the dMGE and in laterally migrating neuroblasts through the LGE and into the cortex (Fig 4 D, G) . COUP-TFI may have a role in guiding migration (117) perhaps ensuring migration dorsally towards the cortex and not ventrally towards the basal ganglia.
The confinement of COUP-TFI expression in the VZ to the ventral region also divides the LGE into dorsal and ventral portions. Dorsal LGE (dLGE) is characterised by stronger PAX6 expression, SP8 expression in post-mitotic cells and a few COUP-TFII+ cells (Fig. 4A, E-G) . Between 8-12PCW COUP-TFII immunoreactivity in the dLGE appeared to belong only to anteriorly migrating cells arising from the vCGE. Instead, dLGE provided predominantly SP8+ only cells that migrated towards the RMS, amygdala and cortex and did not express CalR. The boundary zone of the MGE and LGE is identified by expression of COUP-TFII (Fig 4B) (77, 89) ; suggesting it could be an origin for COUP-TFII+ interneurons in addition to the vCGE. In rodents, this boundary region is the source of COUP-TFII+/SOM+ cells that occupy cortical layer V (118). However, in human there is no co-expression of COUP-TFII with SOX6 ( Figure 4D ) the developmental marker for SOM+ interneurons (35) which suggests a difference with mouse where one third of cortical COUP-TFII+ cells co-express SOX6 (119). LGE and dorsal CGE. MGE and MGE-like CGE exclusively express NKX2.1 and OLIG2 whereas COUP-TFI expression extends to LGE-like CGE and ventral LGE. COUP-TFII and SP8 mark the CGE but COUP-TFII also marks the MGE/LGE boundary (arrow) and SP8 is strongly expressed in the dorsal LGE. C. Further highlights differences between the MGE-like CGE, LGE-like CGE and ventral CGE. Strong PAX6 and COUP-TFII expression in the ventral CGE is continuous with the adjoining ventral temporal cortical wall. D. Shows that SOX6 expressing interneurons co-express COUP-TFI and derive from the MGE but do not express COUP-TFII. E. SP8 and COUP-TFI expression sharply delineates the dLGE from the vLGE and cortical ventral pallium (Crx). Relatively small numbers of SP8+/COUPTFI-cells migrate from LGE-like CGE (LCGE) into the cortex at this stage (10 PCW). The ventral CGE (vCGE) SP8+/COUP-TFI+ cells were predominatly observed in the proliferative zones. F. Low density of COUP-TFII+ cells in SP8+ dLGE but high density of SP8+/COUP-TFII+ cells in the SVZ of the LGE-Like CGE. SP8 highly coexpressed with COUP-TFII in the vCGE. G. A summary of compartmentalisation of the ganglionic eminences by expression of transcription factors in the proliferative zones (solid colour) and post-mitotic cells (dots). A-F adapted from (35, 89) The sub-cortical septum is divided into MGE-like (NKX2.1 expressing) and LGE-like (PAX6 expressing) domains with OLIG2+ cells from this compartment migrating medially into the cortex (89) . SP8 is expressed in LGE-like septum (35, 77) and septal SP8+ cells, along with dLGE derived SP8+ cells (77) migrate towards the rostral migratory stream. COUP-TFI and COUP-TFII expression in both the MGElike and LGE-like septum is confined to a very few, dispersed cells most likely to have migrated from other subcortical structures, making these septal compartments very similar to vMGE and dLGE, respectively (Fig. 4G) .
The CGE is characterised by high expression of COUP-TFI and COUP-TFII, as well as SP8 and CalR ( Fig   4C, G) (35, 89, 114) . Dorsally, MGE-like CGE expresses NKX2.1, LGE-like CGE expresses PAX6 (89) but neither compartment expresses COUP-TFII in dividing cells of the VZ, which is only seen in the vCGE (77, 89, 114) . COUP-TFII+/CalR cells derived from the vCGE migrate both posteriorly into the temporal cortex and dorsally/laterally/anteriorly via the LGE towards more anterior cortex (89) . Many of these cells also express COUP-TFI and SP8 indicating that numerous cells in the LGE co-expressing SP8 and COUP-TFII are passing through (35) rather than originating from the LGE as previously suggested (77) .
Migration pathways out of the ganglionic eminences delineated by transcription factor expression.
We would like to propose that regionalised expression of transcription factors in both cortex and the GE controls the migration pathways from ventral to dorsal telencephalon. COUP-TFI is expressed in the ventral pallium along the lateral border of the dorsal telencephalon and in interneuron precursors migrating laterally from either MGE or CGE into the cortex (35). COUP-TFI is proposed to control the lateral/anterior migratory stream of CGE-derived cells in mice (120) in addition to the lateral migration from the MGE to cortex (121, 122) . In mouse COUP-TFII is important in establishing a caudal migratory stream (CMS) directing CGE-derived cells into temporal cortex and hippocampus (123) (124) . In human, COUP-TFII is expressed in temporal and ventral anterior cortex, as well as interneuron precursors generated in the vCGE (77, 89, 114, 125) . Again it appears that COUP-TFII is expressed in gateway regions of the dorsal telencephalon for the entrance of COUP-TFII expressing interneurons into the cortex. Similarly, at early developmental stages (8PCW) SP8+ cells migrate from dLGE to SP8+ anterior cortex, but SP8+/COUP-TFII co-expressing cells were not seen within the CMS migrating towards SP8-temporal cortex (35) however this distinction broke down at later developmental stages where SP8+ cells where present in the CMS in abundance.
In addition, we have observed increased expression of OLIG2 in the anterior-medial cortex at 7-8 PCW (62, 88, 89) 
Conclusions
Understanding the exact processes by which cortical arealisation and functional regionalisation take place in the human telencephalon are likely to have a huge impact upon both our understanding of how the human brain has evolved its higher cognitive functions compared to our model organisms and potentially the sources of neurodevelopmental disease. Early disruption of cortical development can lead to re-specification of regional identity in the cortex with visual cortex developing connectivity characteristic of the motor cortex, for instance (130) . Schizophrenic and autistic spectrum disorders may involve more subtle and localised disruptions of regional identity (131, 132 ) that lead to failure of the correct formation of cortico-cortical and cortico-thalamic connectivity. We hope this review has revealed the extent of the progress made so far, and highlighted both the strengths and limitations of our mouse models in unravelling these complex events. 
